Optically active C 3 -symmetric monoanionic ligands are uncommon in organometallic chemistry. Here we describe the synthesis of readily prepared tris(4S-isopropyl-2-oxazolinyl)phenylborate [To P ] and fluxional, zwitterionic four-and five-coordinate iridium(I) compounds [Ir(To P )-(η 4 -C 8 H 12 )] (4) and [Ir(To P )(CO) 2 ] (5). The highly fluxional nature of 4 and 5 makes structural assignment difficult, and the interaction between the iridium(I) center and the [To P ] ligand is established by solid-state and solution 15 N NMR methods that permit the direct comparison between solution and solid-state structures. Although iridium cyclooctadiene 4 is a mixture of four-and five-coordinate species, the dicarbonyl 5 is only the five-coordinate isomer. The addition of electrophiles MeOTf and MeI provides the oxazoline N-methylated product rather than the iridium methyl oxidative addition product. N-Methylation was unequivocally proven by through-bond coupling observed in 1 H-15 N HMBC experiments.
Optically active tris(pyrazolyl)borate (Tp) and cyclopentadienyl (Cp) ligands have found fewer applications in asymmetric catalysis relative to ubiquitous chiral phosphines. [1] [2] [3] This contrasts the prominence of Cp and Tp in a wide range of metalmediated processes 4 but may be related to the difficulty in precisely and systematically tuning chiral Cp-and Tp-type ligands. For example, in piano-stool complexes containing a pendant chiral group, the stereocenters are removed from the metal center and free rotation gives a range of possible conformations (Chart 1, A).
1 C 3 -symmetric Tp ligands such as HB(2R,5R-menthylpz) 3 (B) offer an improvement by fixing stereogenic centers proximal to the metal; 2 however, acid-or metal-mediated 1,2-borotropic shifts result in ligand isomerization and decomposition, 5 and systematic modification of these ligands is synthetically challenging. 6 To facilitate the use of dissymmetric L 2 X-type ligands in organometallic chemistry, 7 we have prepared a new class of scorpionate ligand in which three oxazoline groups are linked through a borate center (C). Chem. Soc. 1994, 116, 8406-8407. (b) 14 Furthermore, neutral (L 3 ) tris(oxazolinyl)ethane (tris-ox) ligands also show good enantioselectivity in a range of catalytic transformations, including stereoselective 1-hexene polymerization, allylic substitution, and Mannich reactions of -ketoesters. 15 Therefore, we prepared an optically active tris(oxazolinyl)borate as a chiral surrogate for Cp and Tp and as a monoanionic relative of tris-ox. Herein we describe its synthesis and our initial investigations of the ligand's reactivity in iridium(I) complexes.
Tris
is prepared by deprotonation of 4S-isopropyloxazoline (1) to give 2-lithio-4S-isopropyl-2-oxazolide (2), followed by reaction with 0.31 equiv of PhBCl 2 in a second step (Scheme 1). Although deprotonation of 2H-oxazolines with n-BuLi followed by reaction with electrophilic reagents such as Ph 3 B and Ph 2 BCl is established, 14, 16 we obtain intractable mixtures when 1 is treated sequentially with n-BuLi followed by PhBCl 2 . This failure is especially surprising because the achiral analogue tris(4,4-dimethyl-2-oxazolinyl)phenylborate and Pfaltz's chiral bis(2-oxazolinyl)diphenylborate (borabox) are synthesized by this sequence. 8, 14 The difference is due to the fact that n-BuLi and 1 give 2 in only 80% yield, 17 and the interaction of unreacted 1 and PhBCl 2 interferes with the formation of Li[To P ]. Although 1 reacts quantitatively with LiN(SiMe 3 ) 2 to give 2, 17 the HN(SiMe 3 ) 2 byproduct and PhBCl 2 also react rapidly and inhibit B-C bond formation. Fortunately, analytically pure 2 is isolated in near-quantitative yield by the reaction of LiN(SiMe 3 ) 2 and 1 followed by removal of the volatile materials and an Et 2 O wash.
Although only the cyclic form of 2 is observed by 1 H and N NMR spectra (see the Supporting Information for details). In the IR spectrum, oxazoline CdN stretches are observed at 1589 cm -1 ; isocyanide peaks are not detected. Importantly, 3 is not hydrolyzed in wet methanol.
Iridium(I) centers in coordination geometries distorted from square planar are expected to be highly reactive. In contrast, the 15 N CPMAS NMR spectrum of 5 contains a broad non-Gaussian-shaped resonance at -201 ppm with a shoulder at -195 ppm in an approximate 2:1 ratio (determined by peak fitting; see the Supporting Information). No resonances are detected in the range of noncoordinated oxazolinyl groups (∼-150 ppm). Furthermore, a 2:1 ratio of oxazoline resonances is observed in the solid-state 13 C NMR spectrum. These data suggest that only one ligand configuration is present in 5. IR spectroscopy supports this assignment because the carbonyl region contains only two bands (KBr, ν CO ) 2064 and 1987 cm -1 ; CH 2 Cl 2 , 2065 and 1991 cm -1 ). Thus, the data from solid-state NMR and IR spectroscopies indicate that [Ir(To P )(CO) 2 ] is five-coordinate, containing a (κ 3 -To P )-Ir interaction, although its reactivity indicates that the third oxazoline group is labile. In contrast, [Rh(tris-ox) Table 1 ). Tellingly, the 15 N NMR resonance at -221 ppm also contains a strong cross peak with a singlet at 3.33 ppm (3 H) corresponding to a N-CH 3 through-bond interaction. We have no evidence for an iridium methyl species at any stage of the transformations. Interestingly, the reaction of 4 and MeI provides the oxazoline-methylated species, while the reaction of MeI and carbonyl compound 5 affords a complex mixture of products.
Given the ubiquity of oxazolines as ligands in catalytic processes involving electrophiles such as allylic substitution, this oxazoline alkylation may represent an important route for catalyst deactivation.
13 Therefore, we are currently exploring the reactions of [Ir(To P )L 2 ] complexes with catalytically relevant electrophiles while preparing a range of C 3 -symmetric tris(2-oxazolinyl)borate complexes for stereoselective catalysis. -198, -192 (trans to olefin) n.a.
5 + MeOTf (7) -219.4 (NMe) ; n.a.
1 + MeOTf -224 n.a.
